
\

●

✎

REPORT No. 122

PRELIMINARY EXPERI~MENTSTO DETERMINE SCALE
AND SLIP-STREAM EFFECWSON A U24TEISIZE

MODEL OF A JN4H BIPLANE

By D. L. BACON

hmgIey Memorial Aeronautical Laboratory

Langley Field, Va.

391

. -—

—



.

.



REPORT NO. 122

PRELIMINARY EXPERIMENTS TO DETERMINE SCALE AND SLIP-
STREAM EFFECTS ON A l/24TH SIZE MODEL OF A JN4E
BIPL.ANE.

By D. L. BACON ___

SUMMARY.

The followhg report gives lift, drag, and longitudinal moment values obtained in tests of
a particularityaccurate model over a wide range of speeds. A measure of the slip stream cor-
rections on Iift and C@ forces was obtained by the use of a powm-driven model propeller.

The readts are plotted, together with corresponding free flight data from Report No. 70,
against the parameter T’-L.

Memurementa were dso made of forces and Iongitudimd moments for all ar@s from
O“ tO 360°.

INTRODUCTION.

This work vim undertaken at the LangIey FieId Aerodynamic Laboratory of the National
Advisory Committee for Aeronautics to obtain resuIt.son a.smalI model of a complete airphtne
which r@ht be used for comparison with corresponding tests made in full ~~ht. Somewhat
similar tests ha-re beeu previously made at various other Laboratories;1butJ as certain discrep-
ancies exist between conesponding tests in dMerent tunnels, it has been deemed advisabIe to
obtain a direct comparison for this particular installation.

The present work covers tesix on a WUh scale model at speeds ~m~g from 6-7 mdsec.
(15 m. p. h.) to 40.2 mJsec. (9o m. p. h.). A sIip stream correction has been obtained by the
use of a smell beltdriven propeIler mounted in front of the modeI, end force coefficients thus
obtained are compared with the measurements of the same foroes made in fulI flight on a geo-
metrically similar aiqiane.

EXPERIMENTAL METEIODS.

These researches were carried out on an N. P. L. type bthnce 2 in the 5-foot wind tunnel at
LquIey Field. The model wag b~t to the mean of actuaI measuremen~ taken from the two
fukize airplanes with which its eharac”teriaticsare compared. The dumm~ w%@ are e~ery-
where within .002” of the specified ordinates, the body and wheels within .01O“, the engine
compartment and engine me accurately represented and the radiator, made of a perforated
brass plate, is so proportioned that its resistance per unit area is equal to that of a full-sized
mdiator. This fact was properly verified by a special test of the radiator alone. The sir passing
through the radiator circulates about the sump of the modeI engine and Ieav= the compartment
in the same manner as with the full-sized airplane. The tail surfaces are c~bered and the
struts are to scale.

The truss and control wires have been omitted from the model, as have also the control
horns, because the resistances of these parts can more readiIy be measured in full-sized tests of
the individual members. This numerical addition of a separately determined drag has been
fully justified by other experiments which show the interfw~ce effec~ to be ne&4ble.
The resistance of these omitted parts, amounting to .036 kg./m./sec. at full scale, or about
~~ per Cmt of the tot~ &%mat low ~gles, h= thereforebe~ Calcdated by means of the usual

coefficients,3 and added to the values of drag as measmd.

kZWablyat the R.A.E. See A. C.A. R.& M.&M. ~U.S.NavyAhraftk-gnDab.
sRx dwnipt!on see N. .L C. A. Eepcft No. 72.
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As serious difficulty was encountered.in previous experiments with deflection of the model
and balance spindle, while testing at high speeds, a system of wire bracing was adopted which
held the model with great rigidity in the. desired position. Althbugh this bracing proved
higldy satisfactory, the intsrmd stressesin the model became so high at 90 m. p. h. (40.2 m./sec.)

FIG 2.—MoM set up forIl[tand
drsg inns.

that it, was thought incompgtibIe with the safety of the model to
increase the speed beyond this point.

The bracing used whiIe measuring pitching moments is shown in
Fig. 1. A mad is inserted in the upper extremity of the wing oppositO
h the holding spindle and in line with it. This mast is heId in a bearing

wired to the walls of the tuuneI, thus permitting free rotation and
ensuring that the Y axis of thg..airplanoremains pmallel to tho a;is of
the balace,

WhiIe determk@ lift a.pd drag forces a second method of wire
bracing illustrated in Fig. 2 W* employed. The mast was retained on
the upper wing tip, and from it one wire was lead directly to the drag
arm of the balance and another ti the antilift arm, An equally simple
method could not be used, however, on thti lift arm bec.auso of inter-
ference with the lower wing. In place of this, wirw leacling from the
“model and from the lift arm were spliced to a ring which in turn was
supported by a wire from the wall of the chamber. It is obvious that if
the line of action of this Iattei- wire pttsseathrough th’e pivot of the

balance and if it lies in the plane of the lift arm the tensio~ in the wir~ adds ~omcwhat to
the stabiIity of the balance but does not othetie affect its rea”dings. In dgning these
wires no painstaking measurements need be made of their various an~les, the position of the
axtemal fastening need only be adjusted by trialuntiI a change in “ihe” tons;on in the wire

ttach,ed to it is found ta have no eihct on,

Angleofotrbch.i0

Fm. 4.-Remlt9 of mcdol tests at VL-ti.6 # VL-16.5 M. P. If. x ft.

the equtiibrium of the bahmce.
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OMxce of~i’ot-i%efrnZ a&7fpm1p7iIer ~

Rd&s ofpmpeller 1

Fu.i. .5.-hfIkx8tf0n ofslip skearn of mcdel propckrs, @ion
me dfsmetsr beh@ proper.

The crude but satisfactory device used to reproduce slip stream effect upon the model
consisted of a belhdriven ball-bearing spindle carrying a 4M” wooden propeller in its proper
position relative to the model, as shown in Fig. 3. Because of tie relativdy Iow speeds at which
the propeller was driven it was necessary to use a comparatively steep pitch and wide blade in



FIG. 1.—MODELSET

UP FOR MOMENT
RUNS.

.

.

FIG: 3.—MODEL SET UP
FOR SLIP “STREAM

CORRECTION.
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PRELIMINARY EXPERIMENTS ON A JN$H BIPLANE. 397

order to obtain the desired slip stream vehoities. A propeUer geometrically similar to that
used in full flight wouId require a rotational speed varying from 15,000 to 40,000 r. p. m., which
was above the range available when these testa were made. The high pitch of the propelIer
used undoubtedly increa.+ the rotation of the dip stream
but this is of relatively smaII importance. Apparatus is
now being developed for turning a model propelIer at
strictly proportionate speeds.

Two different propellers were used having different
pitches. In order to determine thff actual slip stream
velocities ( VJ a compIete traveme of the slip stream area
was made, one diameter behind the bIade, and the square
root of the mean value of F,z when plotted aagainstthe
square of the distance from the propeUer asis in terms of
the radius, taken w+the nominal slip stream velocity (see
Fig. 5).

~ In order ta determine the appropriate values of ~

for all angIes of flight, a similar expiration vrss made of
the slip stream in actual flight, takirg simultaneous read-
ings of F, F,, and r. p. m. of the propeUer. This was
done under two conditions of flight, namely, horizontal
flight in which the throttle is w-id: open at ma-simum
speed, gradually closed untiI the speed of minimum power
is reached near i = 6°, and then opened wide at minimum
speed. The second series was made at wide throttIe,
beginning with high speed horizontal flight, then pulIing
the airplane up through its entire range of cIimbing

V- M.tlH.
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angks &d ending with minimum speed in horizontal ~mht. The two” curves thus intersect

at maximum and minimum flying speeds. The vaIues of ~ thus determined axe plotted

against both an#& of attack and fly@ speed in Fii. 6. A few points computed on the basis
of the momemtum theory me plotted for comparison.

In measuring the lift and drag incremen~ caused by the slip stream, a constant tunmd
speed of 13.4 m.lseo= (30 m. p. h.) WaSmtit~ed and a number of ’different sIip stream speeds

-—
v= M.I?H.

FIG. 7.—hRwm?5L9 caused by S.@ 9traIII.

.

produced by changing the rate of revolution
or the pitch of the propelIer. Data were thus .

obtained for a Isrge range of ~ ratios at each

angle of attack; For the pres&t. report, how-
ever, only those force measurements for

values of ~ corresponding to horizontal flight —
and to climb with wide open throttle have
been used. These are shown in F%. 7, where .

the force increment due “to the slip stream in
per cent of the force on the modeI w;thout slip
stream is plotted against the angle of attack.

ACCUftACYOF DATA

Lift and drag measurements have a precis-
ion of approximately 1% except for drag values ‘

near the angIe of maximum ~ where the error in drag may be w great as 3%; due to fierent

difficuItiea of measurement.
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Air speed measurements dur& these tests were. made by means of a siclo plate orifice
previously calibrated tigainst the ~, P. L. standard pitot tube belonging to the Massachusetts
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Fm. $.--change m h with ehengc In VL.

Institute of Technology, assuming a constant
of 1;00. The steadiness of flow was of thf3
order of +1% at all speeds.

Spindle drag and interference corrccticms
were obtained by the method outlined in N. A,
C. A. Technical 170te No. 37. The acklitiontd
drag of the bracing wireswasdetermined by re-
moving the model wd supporting these wires
from an extension spindle. No interfcrenco
effects clue to the wires could be M.ectcd.

In order ta get tin ideu of the change iq
angleof attac.kthrough warping of t.hcmodel at
high air speeds, the upper end of the tup wing
was observed through HMescope. Tho warp
was estimated at one-fourth of ono degree.

The difficulty of accurately measuring
either drag force or angle of atkck during full
flight tests, especially in tha neighborhood of
maximum and minimum flying speeds, is such
that serious errorsmnv be introduced. It is,

therefore, possible that the values given in report No. 70 of lift on tfie full size airphmc arc
no cIoser than 5~o’ and that the corresponding drag values may be 20~o in error.4

DISCUSSIONOF REWLT3.

A representative set of curws for a singIe speed is shown in Fig. 4. The heavy lines shown
on this chart are thos~ of standard. wind tunnel tesb and do not include either slip stream or
stay wire corrections. The corresponding
dotted lines indicate the effect of adding cal-
culated drag for parts not included OD the
model and the increase in both lift and drag
forces due to the slip.stream. Emphasis
should be laid on the wry considerable ,in-
cre.asein drag -when climbing, caused by the
slip stream. The customary method of cal-
cxdating the rate of climb by the forrimla:

Rate of climb in.ft.@in. =
33,OOOx (Reserve horsepower)

TotaI weight of%@lane

where reserve horsepo~er is tdken as the
difference between the horsepower required
for horizontal flight and the thrust horse-
power available, usually gives a rate of climb
considerably higher than that realized in
actual flying tests, This is evidentIy due
to the failure to consider the higher slip
stream velocity obtainsd under climbing
conditiom. Fm. A-Chnnge in D. with change In VL.

T

The absolute lift and drag coefficients nnd the ~ ratio are plotted against the scalo of test

in I?igs. 8, 9, and 10, respectively. The scale KL is expressed in both metric and EngIish units,
V being the relative speed in meters per second or miles per hour and L the length of the wing

~Since themtes~weremade,mucAmorewcumde~trumentahsrebeen devised whkh till soon provide eem~retkly accurate MI
..—. —.

eaele deta.
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chord in meters or feet. The series of points on the ri&ht-hand side of the

399

chart rmmsent full
flight conditions as obtained by a-reragg” the me8s&menta given for &planes ~ and 2 of .
Report Xo. 70. —

A critical region of flow will immediately be noticed at 16° for EL= 1.4 m.’/aec. At lower ~
scale values for this angle of attack turbulent flow occurs with consequently reduced lift and

—

increased dr~w. That either type of flow may exist at TZ = 1.4 m.1/sec. ia indicated by the fact
that. vdde measuring drag the break came at
a somewhat higher speed and while measuring
lift it occurred slight.ly below.

It appem from these curves that both
force coekients decrease with increase of IZ
at low scale w&es, while at values of TZ
greater than 1.0 m.i~sec. the lift coe&ciertt re-”
mains constant within the Iimits of experi-
mental error. If the fuU scaIe chg measure-
ments can be trusted the drtg coetlicients for
small angles continue to decrease slovAy with
increase of scaIe.6 AU of the force measure-
ments were made with the elevators set neu-
tral. This procedure is justified by the curves
given in Fig. 12, which show that in steady
flight the ele~atom are ne~er far enough from
neutraI to appreciably deet the total force on

.

VL=IY.f?@x Fi! ‘-
171G.10.-ChanWin I@ wfth _fn TL.

the machine except at the very l@h@ s@ee of
attack. In the neighborhood of 16° the elevator must be puUed up to its highest position,
thus greatly adding to the resistance of the airplane. Unfortunately. no direct measurements
of this increased drag were made under slip stream conditions, but those made without slip
stream indicate this elevator drag increment ta be in the neighborhood of 25T0 of the tatal
drag at 16° angle of. attack.

In order to determiue whether a simple exponential equation coild be derived for the &tig
coefficient in terms of TZ the drag curves were replotted on fuU logarithmic coordinates. The
resuhing lines, however, v&e not str~mht and no further mathematical ana@s was attempted.

The lift being constant with respect to
VL=S%.

TZ, ~ becomes inversely proportional
o Lff 15 20 25

t to the drag coefficient and for normal
+ flyirg angles continues to improve at

J

~ $ 2°
the highest speeds of the model tests.

I The effect. of eIevator drag corrections
~ Q-3 + — —

1 -wouId be to make the 12-degree and
-4 + -“ “ I

i I t 16degree model tests at high W. agree
Xk

-5 -l;. closely with the full scale.
I

-6 — 16° In Fig. 11, ~, is plotted against

T-L for the range of model tests only,
6 8 10 16 18

VLfM.PH!?Ff
as no strictly comparable fti f@ht

FIG.11.–PftcIling moment Sb&lt holclbg Spinafe. (WaIang momenth pmittve.} data & at present avaiIable. The
readings at-TZ = 1.40m.2/sec. do not lie

on the curves and indicate either that the model was incorrectly aligned during this run or that
some irregdarity of air flow occurs at this speed, either as a pecuhrity of the model or as an inher-
ent characteristic of some part of the wind tunnel installation. With this exception the moment
coefficients about the balance spindle decrease with great regularity as the speed of test increases.

The elevator angle required at 13.4 m./sec. (30 m. p. h.) to produce zero moment about the
C. G. or to trim the model is plotted in Fig. 12 against the same angle determined during fulI

~W.M8rwu&,CrfWReview of Aeronautkal TVcrks. 6510NAC/1.
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flight. There may be some doubt regarding these lrtt@ values; as they were interpolated from
a series of trimming angks at different engine speeds in order to get conditions of zero thrust
which would simulate wind tunnel tests without slip~;tream. The curves Eiven shu~~thti~it

Am/e ofdock.

FIG12.-Twtswithout SUPSW.

may be necessary-to lower the eIevator sornewhtiltmm thun
the model ttit would indicate while gliding tit high speed.

No attempts hmw yet been made .to determine the..effw~
of slip stream while measuri~~ momen& on models.

While doing the above work one run was made at 13.4
m./sec. (30 m. p. ‘h.) in which the angle of att.di wns
changed throughout a complete rcvolutio~~ from zero t.u
360°; in order to get somo idea of the natmm of the condi-
tions encountered during stunting. Fig. 13 ,S]lOwsthe

L
corresponding changes in lift, drtig, ~) and momcnl wbuul

the C. G. for this test. NormaI flight is cmfined bclwccn
the Iimitaof 0° and 18°, stalling and pancaking occurs roughly
from 18° to 90°, tail sIiding near 160° md sustained upside
down flight near 320°. It will be noticed that tho lifl lMS a

I

remarkably high peak at 170° and n corresponding ~ of about

6, but the airplane is very unstable in this position, which anyone will acknowledge who htis
snapped out of a long tail slide,

The minimum gliding angle during a tail slide would be “cot-’ 6.0 or 9*”, and thaL during
an invertid glide CQW 2.7 or 20°. In this position the sttibility is almost ,neutral and it is evi-
dent that prolonged glides in this position are by no means dMicult; in fact, they might l.Mmude

.-

unpleasantly &asyby slightly increasing the angle of the tail plane.-—. n
fooo ioooo
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l%.13.-F0me9 and momenta on complete JN4H mdel around W.

CONCLUSION.

It appears from the data here presented that by choosing model test ccmditionslso that
JLZis greater than 1.200 m.’/sec. (8,8.m. p. h. x ft.) the lift of a full-size airpkme of a type anal-
Ogom to he JN 4H may be predicted within the usual accuracy of full-scale mcmuromenta.

The accuracy of the drag prediction can not be.fully determined from these test.s,as su~t-
ciently precise free-fight data are lacking. It seems,probable.that minimum drag may bc csti-

.



mated within10 percent, but that drag at I@h angles maybe considerably in error unless proper
cmrectioDs are made for elevator drag.

The additional Iabor of reproducing sIip stream eil@s upon the twxlel is undoubtedly
—

justied when accurate results are required, as it eIiminatea the necessity of m&ng several
doubtfuI assumptions preparatory to the mmd slip stream correctio~ computations.

—

Preparations are now be@ made to increase the accuracy of fill-flight drag determinations —.

to a degree which will make them comparable with laboratory tests. Not until then will it be
possible to say whether extreme exactitude in modeI making may be rewarded by proportionately

—

accurate absolute vaIues applicable to ffi ScaIeairphmes, or even whether the relative order of
merit of a series of emall models will be maintained in actual practice.

:?167—-23-26
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